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DESCRIPTION 

LIGHT EMirnNG ELEMENT AND LIGHT EMITTING DEVICE 

5 TECHNICAL FIELD 

[0001] 

The present invention relates to a light emitting element having a light emitting 
layer between a pair of electrodes, and in particular, relates to a layer structure of the light 
emitting element. 
10 BACKGROUND ART 

[0002] 

A light emitting device utilizing light emitted from an electroluminescent 
element (a light emitting element) has wide-viewing angle and low power consumption. 
In recent years, research and development of a light emitting device, which can provide 
15 high quality images for the long term, have been carried out actively in the development 
area of light emitting devices so as to dominate the market for display devices that are 
applied to various kinds of information processing devices such as a television receiver 
and a car navigation system. 
[0003] 

20 In order to obtain a light emitting device, which can provide high quality images 

for the long term, development of a long-life light emitting element and a light emitting 
element that emits light efficiently becomes important. 
[0004] 

For example, the patent document 1 discloses a technique related to a light 
25 emitting element with a plurality of light emitting units in which the respective light 
emitting units are separated by a charge generating layer. The patent document 1 
describes a long-life light emitting element with high luminance. However, vanadium 
pentoxide used in the patent document 1 has a high moisture absorbing property. 
Therefore, the light emitting element is possibly deteriorated due to moisture absorbed by 
30 vanadium pentoxide. The deterioration of the light emitting element results in 
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deterioration of image quality in a light emitting device. 
[0005] 

Accordingly, in the development of light emitting devices, it is also important to 
manufacture a light emitting element having a high moisture resistant property along with 
5 high luminance. 

[Patent Document 1] Japanese Patent Application Laid-Open No. 2003-272860. 

DISCLOSURE OF INVBNTION 

10 [0006] 

It is an object of the present invention to provide a light emitting element with an 
excellent moisture resistant property. In particular, it is an object of the invention to 
provide a light emitting element with an excellent moisture resistant property that can 
emit white light. 
15 [0007] 

In an aspect of the invention, a light emitting element includes a layer containing 
a substance with an electron accepting property. As the substance with the electron 
accepting property, molybdenum oxide is used. 
[0008] 

20 In another aspect of the invention, a light emitting element includes n pieces of 

light emitting layers (n is a natural number) between a first electrode and a second 
electrode. The light emitting element further includes a first layer and a second layer 
between the m*^ light emitting layer (m is a natural number: 1 < m < n) and the m + 1*^ 
light emitting layer. The first and second layers are contacted to each other. The first 

25 layer contains a substance that transports holes easily and a substance with an electron 
accepting property. Hie second layer contains a substance that transports electrons easily 
and a substance with an electron donating property. In addition, molybdenum oxide is 
used as the substance with the electron donating property. 
[0009] 

30 In another aspect of the invention, a light emitting element includes n pieces of 
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layer groups (n is a natural number) each of which has a first layer, a second layer and a 
light emitting layer, between a pair of electrodes. The first layer includes a substance that 
transports holes easily and a substance with an electron accepting property. The second 
layer includes a substance that transports electrons easily and a substance with an electron 
5 donating property. In the n pieces of layer groups, the first layer included in the layer 
group (m is a natural number: 1 < m < n) and the second layer included in the m + 1*** layer 
group are laminated to be in contact with each other. 
[0010] 

In another aspect of the invention, a light emitting element includes n pieces of 
10 light emitting layers (n is a natural number) between a first electrode and a second 
electrode. The second electrode reflects light more easily as compared with the first 
electrode. The light emitting element further includes a first layer and a second layer 
between the m^ light emitting layer (m is a natural number: 1 = m = n) and the m + 1* 
lig^t emitting layer. Further, the first and second layers are contacted to each other. The 
15 first layer includes a substance that transports holes easily and a layer with an electron 
accepting property. The second layer includes a substance that transports electrons easily 
and a substance with an electron donating property. The m + 1^^ light emitting layer 
exhibits a shorter peak wavelength of emission spectrum than that of the m**^ light 
emitting layer. The n pieces of light emitting layers are provided such that the m + 1* 
20 light emitting layer is placed closer to the second electrode than the m* light emitting 
layer. 
[0011] 

In another aspect of the invention, a light emitting element includes n pieces of 
light emitting layers (n is a natural number) between a first electrode and a second 

25 electrode. The second electrode reflects light more easily as compared with the first 
electrode. The light emitting element further includes a first layer and a second layer 
between the m* light emitting layer (m is a natural number: 1 = m = n) and the m + 1* 
light emitting layer. The first and second layers are contacted to each other. The first 
layer contains a substance that transports holes easily and a substance with an electron 

30 accepting property. The second layer contains a substance that transports electrons easily 
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and a substance with an electron donating property. The n pieces of light emitting layers 
are provided such that the light emitting layer exhibiting a shorter peak wavelength of 
emission spectrum is provided closer to the second electrode, 
[0012] 

5 According to the present invention, a light emitting element with an excellent 

moisture resistant property can be obtained so that the light emitting element is hardly 
deteriorated by moisture intruding into the light emitting element. Also, a light emitting 
element that emits white light can be provided. In addition, since an interference of light 
emitted from the light emitting element and reflected light is hardly caused in the light 
10 emitting element of the invention, color tone of light emitted from the light emitting 
element can be controlled easily. 

BREF DESCRIPTION OF DRAWINGS 

[00013] 

15 FIG 1 is a diagram explaining a light emitting element of the present invention; 

FIG 2 is a diagram explaining a light emitting element of the invention; 

FIG 3 is a top view showing a light emitting device according to the invention; 

FIG 4 is a diagram explaining a circuit included in a light emitting device 
according to the invention; 
20 FIG 5 is a top view of a light emitting device according to the invention; 

FIG 6 is a diagram explaining a frame operation of a light emitting device 
according to the invention; 

FIGS. 7A to 7C are cross sectional views of light emitting devices according to 
the invention; 

25 FIGS. 8A to 8C are diagrams showing electronic appliances according to the 

invention; 

FIG 9 is a diagram explaining a light emitting element according to the 
invention; 

FIG 10 is a graph showing emission spectmm of a light emitting element 
30 according to the invention; and 
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FIG 11 is a graph showing transmission spectrum with respect to a mixed layer 
of molybdenum oxide and a-NPD. 



BEST MODE FOR CARRYING OUT THE INVENTIQN 

5 [00014] 

The embodiment modes and embodiments according to the present invention 
will hereinafter be described referring to the accompanying drawings and the like. 
Further, the present invention can be carried out in many different modes. It is easily 
understood by those who skilled in the art that the embodiment modes and details herein 
10 disclosed can be modified in various ways without departing from the purpose and the 
scope of the invention. The present invention should not be interpreted as being limited 
to the description of the embodiment modes to be given below. 
[0015] 

[Embodiment Mode 1] 

15 In FIG 1, a first layer 103 containing a substance that transports holes easily and 

a substance with an electron accepting property and a second layer 104 containing a 
substance that transports electrons easily and a substance with an electron donating 
property are provided between a first electrode 101 and a second electrode 102. The first 
layer 103 and the second layer 104 are laminated in contact with each other. Further, 

20 holes are generated in the first layer 103 containing the substance that transports holes 
easily and the substance with the electron accepting property whereas electrons are 
generated in the second layer 104 containing the substance that transports electrons easily 
and the substance with the electron donating property. 
[0016] 

25 Also, a first light emitting layer 111 is provided between the first electrode 101 

and the first layer 103. A second light emitting layer 121 is provided between the second 
electrode 102 and the second layer 104. 
[0017] 

Further, in this embodiment mode, the first electrode 101 serves as an anode and 
30 the second electrode 102 serves as a cathode. Preferably, one or both of the first electrode 
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101 and the second electrode 102 is/are made from a substance that transmits visible light 

easily* 

[0018] 

A substance for the first electrode 101 is not particularly limited. In order to 
5 form the first electrode 101 serving as the anode as well as this embodiment mode, the 
first electrode is preferably made from a substance with a high work function such as 
indium tin oxide, indium tin oxide containing silicon oxide, indium zinc oxide in which 2 
to 20% zinc oxide is mixed in indium oxide, and gallium zinc oxide in which several% 
gallium oxide is mixed in zinc oxide. Further, the electrode made from the 
10 above-mentioned substance with the high work function transmits visible light easily. 
[0019] 

In addition, a substance for the second electrode 102 is not particularly limited. 
In order to form the second electrode 102 serving as the cathode as well as this 
embodiment mode, the second electrode is preferably made from a substance with a low 
15 work function such as aluminum containing alkali metal (e.g., lithium (Li), magnesium 
and the like), alkali earth metal or the like. 
[0020] 

The substance that transports holes easily is not particularly limited. For 
example, the substance that transports holes easily can be made from an aromatic amine 

20 (i.e., one having a benzene ring-nitrogen bond) compound such as: 
4,4'-bis(N-[l-naphthyl]-N-phenyl-amino)-biphenyl (abbreviation: a-NPD); 
4,4'-bis(N-[3-methylphenyl]-N-phenyl-amino)-biphenyl (abbreviation: TPD); 
4,4*,4"-tris(N,N-diphenyl-amino)-triphenyIamine (abbreviation: TDATA); and 
4,4',4"-tris(N-(3-methylphenyl)-N-phenyl-amino)-triphenylamine (abbreviation: 

25 MTDATA). 
[0021] 

The substance with the electron accepting property is not particularly limited. 
For example, a substance with a low moisture absorbing property such as molybdenum 
oxide is preferably employed. 
30 [0022] 
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The substance that transports electrons easily is not particularly limited. For 
example, the substance that transports electrons easily can be made from a metal complex 
having quinoline skeleton or benzoquinoline skeleton such as: 
tris(8-quinolinolate)aluminum (abbreviation: Alqs); 

5 tris(4-methyl-8-quinolinolate)aluminum (abbreviation: Almqa); 

bis(10-hydroxybenzo[h]-quinolinato)beryllium (abbreviation: BeBq2); and 
bis(2-methyl-8-quinolinolate)-4-phenylphenolate-aluminum (abbreviation: BAlq). 
[0023] 

The substance with the electron donating property is not particularly limited. 
10 For example, alkali metal such as lithium, alkali earth metal such as magnesium and the 
like can be used. In addition, alkali metal oxide such as lithium oxide, alkali metal nitride 
such as lithium nitride, alkali earth metal oxide such as magnesium oxide, alkali earth 
metal nitride such as magnesium nitride may be employed. 
[0024] 

15 The first light emitting layer 111 and the second light emitting layer 121 contain 

a light emitting substance, respectively. The light emitting substance mentioned above 
indicates a substance with a favorable light emitting efiHciency exhibiting light emission 
of a predetermined wavelength. Further, the first and second light emitting layers 111 and 
121 may contain different light emitting substances from each other. The first and second 

20 light enutting layers 111 and 121 are not particularly limited* Each layer may be made 
from a layer containing one kind of substance or a layer in -which plural kinds of 
substances are mixed. For instance, any one or both of the first and second light emitting 
layers 111 and 121 may be made from only a light emitting substance. Alternatively, any 
one or both of the first and second light emitting layers may be formed of a mixed layer of 

25 a light emitting substance and other substance. As the substance used in combination 
with the light emitting substance, a substance having a larger energy gap than that of the 
light emitting substance is preferably used. In this embodiment mode, the energy gap 
indicates an energy gap between the LUMO level and the HOMO level. 
[0025] 

30 The light emitting substance is not particularly limited. In order to obtain red 
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light emission, for example, the following substances exhibiting emission spectrum with 
peaks of at 600 nm to 680 nm can be employed: 4-dicyanomethylene-2-isopropyl-6-(2-[l, 
1, 7, 7-tetramethyljulolidine-9-yl]ethenyl)-4H-pyran (abbreviation: DCJIT); 
4-dicyanomethylene-2-methyl-6-(2-[l,l,7,7-tetramethyljulolidine-9-yl]ethenyl)-4H-pyT 
5 an (abbreviation: DCJT); 

4-dicyanomethylene-2-tert-butyl-6-(2-[l,l,7,7-tetramethyljulolidine-9-yl]ethenyl)-4H-p 
yran; periflanthene; 
2,5-dicyano-l,4-bis(2-[10-methoxy-l,l,7,7-tetramethyljulolidine-9-yl]ethenyl)beiizene 
and the like* In order to obtain green light emission, substances exhibiting emission 

10 spectram with peaks at 500 nm to 550 nm such as N,N'-dimethyl-quinacridon 
(abbreviation: DMQd), coumaiin 6, coumarin 545T, and tris(8-quinolinolate)aluminum 
(abbreviation: Alqs) can be employed. In order to obtain blue light emission, the 
following substances exhibiting emission spectrum with peaks at 420 nm to 480 nm can 
be employed: 9, 10-bis(2- naphthyl)-tert-butylanthracene (abbreviation: t-BuDNA); 9, 

15 9'-bianthryl; 9, 10-diphenylanthracene (abbreviation: DPA); 

9,10-bis(2-naphthyl)aiithracene (abbreviation: DNA); 

bis(2-methyl-8-quinolinolate)-4-phenylphenolate-gallium (abbreviation: BGaq); 
bis(2-methyl-8"quinolinolate)-4-phenylphenolate-aluminum (abbreviation: BAlq); and 
the like. 

20 [0026] 

In the above-mentioned light emitting elements, when a voltage is applied to the 
first and second electrodes 101 and 102, holes are injected in the first light emitting layer 
111 from the first electrode 101, and electrons are injected in the first light emitting layer 
111 from the first layer 103. Also, holes are injected in the second light emitting layer 

25 121 from the second electrode 102. Electrons are injected in the second light emitting 
layer 121 from the second layer 104. Accordingly, the holes and electrons are 
recombined in the first and second light emitting layers 111 and 121 so that the light 
emitting substance is excited. The light emitting substance emits light upon returning to a 
ground state from the excitation state. 

30 [0027] 
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Further, when a color of light emitted from the first emitting layer 111 and a 
color of light emitted from the second light emitting layer 121 are complementary to each 
other, the human eye detects the light emitted from both the light emitting elements as 
white. In this case, when the reflectance of the first electrode 101 is different from that of 
5 the second electrode 102 and the peak wavelengths of emission spectrum of light emitted 
from the respective light emitting layers (i.e., wavelengths of maximum emission 
intensity in the case of inspecting the emission spectrums) are different from each other, 
the respective light emitting layers are preferably arranged such that the light emitting 
layer with a shorter peak wavelength is placed closer to the electrode with the high 

10 reflectance. Further, the peak wavelength indicates a wavelength exhibiting 

a peak with a strongest emission intensity in the emission spectrum having a plurality of 
peaks. For example, in the case where the first electrode 101 is made from indium tin 
oxide or the like and transmits visible light easily while the second electrode 102 is made 
from aluminum or the like and reflects light easily, the first light emitting layer 111, which 

15 is placed closest to the first electrode 101, is preferably a light emitting layer that emits 
blue light and the second light emitting layer 121, which is placed closest to the second 
electrode 102, is preferably a light emitting layer that emits yellow light. Therefore, the 
light interference caused by reflecting light emitted from the light emitting layers at the 
second electrode 102 can be reduced. 

20 [0028] 

Furthermore, only the first light emitting layer 111 may be provided between the 
first electrode 101 and the first layer 103 in the same manner as this embodiment mode. 
Alternatively, a hole transporting layer and the like may be provided therebetween, 
besides the first light emitting layer 111, Meanwhile, only the second light emitting layer 
25 121 may be provided between the second electrode 102 and the second layer 104 as 
shown in this embodiment mode. Alternatively, an electron transporting layer and the 
like may be provided therebetween, besides the second light emitting layer 121. 
[0029] 

Since the above-described light emitting element according to the invention is 
30 formed by using a substance with a low water absorbing property such as molybdenum 
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oxide, the light emitting element is hardly deteriorated by moisture intruding into the light 
emitting element. In addition, the light emitting element of this embodiment mode can 
emit white light. Moreover, the interference of light emitted from the light emitting 
layers and reflected light is hardly caused in the light emitting element of this 
5 embodiment mode, and hence, color tone of light emitted from the light emitting layers 
can be controlled easily. 
[0030] 

[Embodiment Mode 2] 

The present embodiment mode will describe a light emitting element of the 
10 invention including three light emitting layers with reference to FIG 2. 
[0031] 

In FIG. 2, first layers 203, 205 and 207 including a substance that transports 
electrons easily and a substance with an electron donating property, and second layers 
204, 206 and 208 including a substance that transports holes easily and a substance with 

15 an electron accepting property are provided between a first electrode 201 and a second 
electrode 202. In this case, the first layer 203 is formed in contact with the first electrode 
201. The second layer 208 is formed in contact with the second electrode 202. The first 
layer 205 and the second layer 204 are laminated to be in contact with each other. The 
first layer 207 and the second layer 206 are laminated to be in contact with each other. 

20 Holes are generated in the first layers 203, 205 and 207 including the substance that 
transports holes easily and the substance with the electron accepting property whereas 
electrons are generated in the second layers 204, 206 and 208 including the substance that 
transports electrons easily and the substance with the electron donating property. 
[0032] 

25 In this embodiment mode, the first electrode 201 serves as an anode and the 

second electrode 202 serves as a cathode. A first light emitting layer 211 is provided 
between the first layer 203 and the second layer 204. A second light emitting layer 221 is 
provided between the first layer 205 and the second layer 206. A third light emitting layer 
231 is provided between the first layer 207 and the second layer 208. A hole transporting 

30 layer 212 is provided between the second layer 204 and the first light emitting layer 211. 
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A hole transporting layer 222 is provided between the second layer 206 and the second 
light emitting layer 221. A hole transporting layer 232 is provided between the second 
layer 208 and the third light emitting layer 231. In this case, the hole transporting layers 
represent layers that can transport holes to the light emitting layers and contain a 
5 substance, which transport holes easily. An electron transporting layer 213 is provided 
between the first layer 203 and the first light emitting layer 211. An electron transporting 
layer 223 is provided between the first layer 205 and the second light emitting layer 221. 
An electron transporting layer 233 is provided between the first layer 207 and the third 
light emitting layer 231. These electron transporting layers represent layers that can 
10 transport electrons to the light emitting layers and contain a substance, which transports 
electrons easily. By providing these hole transporting layers and these electron 
transporting layers, the light emitting layers can be separated from the layers containing 
metal, thereby preventing light quenching caused by metal. 
[0033] 

15 The substance that transports holes easily, the substance with the election 

accepting property, the substance that transports electrons easily, and the substance with 
the electron donating property are identical to those described in Embodiment Mode 1. 
The substances described in Embodiment Mode 1 can be used. Further, as the substance 
with the electron accepting property, a substance with a low moisture absorbing property 

20 such as molybdenum oxide is preferably used in this embodiment mode. 
[0034] 

The first electrode 201 serves as the anode and the second electrode 202 serves 
as the cathode. Therefore, the first electrode 201 is preferably made from a substance 
with a high work function as well as the first electrode 101 of Embodiment Mode 1. Also, 
25 the second electrode 202 is preferably made form a substance with a low work function as 
well as the second electrode 102 of Embodiment Mode 1. Preferably, one or both of the 
first electrode 201 and the second electrode 202 is/are made fi-om a substance that 
transmits visible light easily. 
[0035] 

30 The hole transporting layers 212, 222 and 232 correspond to layers containing a 
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substance that transports holes easily, respectively. The hole transporting layers 212, 222 
and 232 are not particularly limited. These hole transporting layers may contam different 
kinds of substances that transport holes easily or the same substance that transports holes 
easily. In addition, the hole transporting layers 212, 222 and 232 may contain one or 
5 more kinds of substances that transport holes easily, respectively. The hole transporting 
layers 212, 222 and 232 may include a single layer or plural layers, respectively. Further, 
the substances that transport holes easily are identical to the substance that transports 
holes easily as mentioned in Embodiment Mode 1. 
[0036] 

10 The electron transporting layers 213, 223 and 233 contam a substance that 

transports electrons easily, respectively. The electron transporting layers 213, 223 and 
233 are not particularly limited- The electron transporting layers may contain different 
kinds of substances that transport electrons easily or the same substance that transports 
electrons easily. The electron transporting layers 213, 223 and 233 may contain one or 

15 more kinds of substances that transport electrons easily, respectively. The electron 
transporting layers 213, 223 and 233 may include one layer or plural layers, respectively. 
Further, the substances that transport elections easily are identical to the substance that 
transports electrons easily as described in Embodiment Mode 1. 
[0037] 

20 The first light emitting layer 211, the second light emitting layer 221 and the 

third light emitting layer 231 contain light emitting substances, respectively. The light 
emitting substances are identical to the light emitting substance described in Embodiment 
Mode 1, and therefore, the light emitting substance of Embodiment Mode 1 can be 
employed here. In addition, the light emitting substances included in the first light 

25 emitting layer 211, the second light emitting layer 221 and the third light emitting layer 
231 may be different from one another. Further, the first light emitting layer 211, the 
second light emitting layer 221 and the third light emitting layer 231 are not particularly 
limited. Each light emitting layer may include one kind of substance or a mixture of 
different kinds of substances. For instance, any one or more of the first light emitting 

30 layer 211, the second light emitting layer 221 and the third light emitting layer 231 may 
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be made from only a light emitting substance. Alternatively, any one or more of the light 
emitting layers may be made from a mixture of a light emitting substance and another 
substance. As the substance used in combination with the light emitting substance, a 
substance having a larger energy gap than that of the light emitting substance is 
5 preferably used. In this case, the energy gap indicates an energy gap between the LUMO 
level and the HOMO level. 
[0038] 

When any one of the first light emittmg layer 211, the second light emitting layer 
221 and the third light emitting layer 231 emits red light, another one emits green light 

10 and another one emits blue light, the human eye detects light emitted from the light 
emitting element as white. In the case where the light reflectance of the first electrode 
201 is different from that of the second electrode 202 and the peak wavelengths of 
emission spectrum of the respective light emitting layers are different from each other, the 
respective light emitting layers are preferably arranged such that the light emitting layer 

15 with a shorter peak wavelength is placed closer to the electrode having the high 
reflectance. Further, the peak wavelength indicates a wavelength exhibiting a peak with a 
strongest emission intensity in the emission spectrum having plural peaks. For example, 
when the first electrode 201 is made from indium tin oxide or the like and transmits 
visible light easily while the second electrode 202 is made from aluminum or the like and 

20 reflects light easily, the first light emitting layer 211 placed closest to the first electrode 
201 preferably corresponds to a light emitting layer that emits red light and the third light 
emitting layer 231 placed closest to the second electrode 202 preferably corresponds to a 
light emitting layer that emits blue light. Accordingly, light interference caused by 
reflecting light emitted from the light emitting layers at the second electrode 202 can be 

25 reduced. 
[0039] 

Since the above-mentioned light emitting element is formed by using the 
substance with the low moisture absorbing property such as molybdenum oxide, the light 
emitting element is hardly deteriorated by moisture intruding into the light emitting 
30 element. In addition, the light emitting element of this embodiment mode can emit white 
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light. Moreover, interference of light emitted from the light emitting layers and reflected 
light is hardly caused in the light emitting element of the present embodiment mode, and 
hence, color tone of light emitted from the light emitting layers can be controlled easily. 
[0040] 

5 [Embodiment Mode 3] 

The light emitting element of the invention as described in Embodiment Mode 1 
or 2 can be applied to a pixel portion of a light emitting device having a display function 
or a lighting portion of a light emitting device having a lighting function. 
[0041] 

10 The present embodiment mode will describe a circuit configuration of a light 

emitting device having a display function and a method for driving thereof with reference 
to FIGS. 3 to 6. 
[0042] 

FIQ 3 is a schematic view seen from a top £ace of the light emitting device 
15 according to the invention. In FIG 3, a pixel portion 6511, a source signal line driver 
circuit 6512, a writing gate signal line driver circuit 6513 and an erasing gate signal line 
driver circuit 6514 are provided over a substrate 6500. The source signal line driver 
circuit 6512, the writing gate signal line driver circuit 6513 and the erasing gate signal 
line driver circuit 6514 are connected to FPCs (flexible printed circuits) 6503 that are 
20 external input terminals through wiring groups, respectively. The source signal line 
driver circuit 6512, the writing gate signal line driver circuit 6513 and the erasing gate 
signal line driver circuit 6514 respectively receive video signals, dock signals, start 
signals, reset signals and the like from the FPCs 6503. The FPCs 6503 are attached with 
a printed wiring board (PWB) 6504. Further, a driver circuit portion is not necessary to 
25 be provided over the same substrate as the pixel portion 6511 as mentioned above. For 
example, the driver circuit portion may be provided outside of the substrate by utilizing 
an FPC with a wiring pattern over which an IC chip is mounted (TCP), or the like. 
[0043] 

In the pixel portion 6511, a plurality of source signal liens extending in columns 
30 are aligned in rows. Current supply lines are aligned in rows. Also, a plurality of gate 
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signal lines extending in rows are aligned in columns in the pixel portion 6511. 
Additionally, a plurality of circuits including light emitting elements are aligned in the 
pixel portion 6511. 
[0044] 

5 FIG. 4 is a diagram showing a circuit for activating one pixeL The circuit as 

shown in FIG 4 comprises a first transistor 901, a second transistor 902 and a light 
emitting element 903. 
[0045] 

Each of the first and second transistors 901 and 902 is a three terminal element 
10 including a gate electrode, a drain region and a source region. A channel region is 
provided between the drain region and the soiurce region. The region serving as the 
source region and the region serving as the drain region are changed depending on a 
configuration of a transistor, an operational condition and the like, and therefore, it is 
difficult to determine which regions serve as the source region and the drain region. 
15 Accordingly, the regions serving as the source and the drain are denoted as a first 
electrode and a second electrode in this embodiment mode, respectively. 
[0046] 

A gate signal line 911 and a writing gate signal line driver circuit 913 are 
provided to be electrically connected or disconnected to each other by a switch 918. The 

20 gate signal line 911 and an erasing gate signal line driver circuit 914 are provided to be 
electrically coimected or disconnected to each other by a switch 919. A source signal line 
912 is provided to be electrically coimected to either a source signal line driver circuit 915 
or a power source 916 by a switch 920. A gate of the first transistor 901 is electrically 
connected to the gate signal line 911- The first electrode of the first transistor is 

25 electrically connected to the source signal line 912 while the second electrode thereof is 
electrically connected to a gate electrode of the second transistor 902. The first electrode 
of the second transistor 902 is electrically connected to a current supply line 917 while the 
second electrode thereof is electrically connected to one electrode included m a light 
emitting element 903. Further, the switch 918 may be included in the writing gate signal 

30 line driver circuit 913. The switch 919 may also be included in the erasing gate signal 
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line driver circuit 914. In addition, tiie switch 920 may be included in the source signal 

line driver circuit 915. 

[0047] 

The arrangement of the transistors, the light emitting element and the like in the 
5 pixel portion is not particularly limited. For example, the arrangement as shown in a top 
view of FIG 5 can be employed. In FIG 5, a first electrode of a first transistor 1001 is 
connected to a source signal line 1004 while a second electrode of the first transistor is 
connected to a gate electrode of a second transistor 1002. A first electrode of the second 
transistor is connected to a current supply line 1005 and a second electrode of the second 
10 transistor is connected to an electrode 1006 of a light emitting element. Apart of the gate 
signal line 1003 functions as a gate electrode of the first transistor 1001. 
[0048] 

Next, the method for driving the light emitting device will be described. FIG 6 
is a diagram explaining an operation of a frame with time. In FIG 6, a horizontal 
15 direction indicates time passage while a longitudinal direction indicates the number of 
scanning stages of a gate signal line. 
[0049] 

When an image is displayed on the light emitting device of the invention, a 
rewriting operation and a displaying operation are carried out repeatedly. The number of 

20 rewriting operations is not particularly limited. However, the rewriting operation is 
preferably performed about 60 times a second such that a person who watches a displayed 
image does not detect flicker in the image. A period of operating the revmting operation 
and the displaying operation of one image (one frame) is, herein, referred to as one frame 
period. 

25 [0050] 

As shown in FIG 6, one frame is divided into four sub-frames 501, 502, 503 and 
504 including writing periods 501a, 502a, 503a and 504a and holding periods 501b, 502b, 
503b and 504b. The light emitting element applied with a signal for emitting light emits 
light during the holding periods. The length ratio of the holding periods in each of the 
30 first sub-frame 501, the second sub-frame 502, the third sub-frame 503 and the fourth 
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sub-frame 504 satisfies 2^ : 2^ : 2^ : 2^ = 8 : 4: 2 : 1. This allows the light emitting device 
to exhibit 4-bit gray scale. Further, the number of bits and the number of gray scales are 
not limited to those as shown in this embodiment mode. For instance, one frame may be 
divided into eight sub-frames so as to achieve 8-bit gray scale. 
5 [0051] 

The operation in one frame will be described. In the sub-frame 501, the writing 
operation is first performed in 1^ row to a last row, sequentially. Therefore, the starting 
time of the writing periods is varied for each row. The holding period 501b sequentially 
starts in the rows in which the writing period 501a has been terminated. In the holding 

10 period 501b, a light emitting element applied with a signal for emitting light remains in a 
light emitting state. Upon terminating the holding period 501b, the sub-frame 501 is 
changed to the next sub-frame 502 sequentially in the rows. In the sub-frame 502, a 
writing opemtion is sequentially performed in the 1^* row to the last row in the same 
manner as the sub-frame 501. The above-mentioned operations are carried out repeatedly 

15 up to the holding period 504b and then terminated. After terminating the operation in the 
sub-frame 504, an operation in the next frame is started. Accordingly, the sum of the 
light-emitting time in respective sub-frames corresponds to the light emitting time of each 
light emitting element in one frame. By changing the light emitting time for each light 
emitting element and combining such the light emitting elements variously within one 

20 pixel, various display colors with different brightness and different chromaticity can be 
formed. 
[0052] 

When the holding period is intended to be forcibly terminated in the row in 
which the writing period has already been terminated and the holding period has started 

25 prior to terminating the writing operation up to the last row as shown in the sub-frame 504, 
an erasing period 504c is preferably provided after the holding period 504b so as to stop 
light emission forcibly. The row where light emission is forcibly stopped does not emit 
light for a certain period (this period is referred to as a non light emitting period 504d). 
Upon terminating the writing period in the last row, a writing period of a next sub-frame 

30 (or, a next frame) starts sequentially from a first row. This can prevent the writing period 
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in the sub-frame 504 from overlapping with the writing period in the next sub-frame. 
[0053] 

Although the sub-frames 501 to 504 are arranged in order of increasing the 
. length of the holding period in this embodiment mode, they axe not necessary to be 
5 arranged in this order. For example, the sub-frames may be arranged in ascending order 
of the length of the holding period, Altematively, the sub-frames may be arranged in 
random order. In addition, these sub-frames may further be divided into a plurality of 
frames. That is, scanning of gate signal lines may be performed at several times during a 
period of supplying same video signals. 
10 [0054] 

The operations in the wiring period and the erasing period of the circuits as 
shown in FIG 4 will be described. 
[0055] 

The operation in the writing period will be described first. In the writing period, 

15 the gate signal line 911 in the x^ row (x is a natural number) is electrically connected to 
the writing gate signal line driver circuit 913 via the switch 918. The gate signal line 911 
in the x* row is not connected to the erasing gate signal line driver circuit 914. The 
source signal line 912 is electrically connected to the source signal line driver circuit 915 
via the switch 920. In this case, a signal is input in a gate of the first transistor 901 

20 connected to the gate signal line 911 in the x^^ row (x is a natural number), thereby turning 
the first transistor 901 on. At this moment, video signals are simultaneously input in the 
source signal lines in the first to last columns. Further, the video signals input from the 
source signal line 912 in each column are independent from one another. The video 
signals input from the source signal line 912 are input in a gate electrode of the second 

25 transistor 902 via the first transistor 901 connected to the respective source signal lines. 
At this moment, it is decided whether the light emitting element 903 emits light or emits 
no light depending on a signal input in the second transistor 902« For instance, when the 
second transistor 902 is a p-chaimel type, the light emitting element 903 emits light by 
inputting a low level signal in the gate electrode of the second transistor 902. On the 

30 other hand, when the second transistor 902 is an n-charmel type, the light emitting 
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element 903 emits light by inputting a high level signal in the gate electrode of the second 

transistor 902. 

[0056] 

Next, the operation in the erasing period will be described. In the erasing period, 
5 the gate signal line 911 in the x^ row (x is a natural number) is electrically connected to 
the erasing gate signal line driver drcuit 914 via the switch 919. The gate signal line 911 
in the row is not connected to the writing gate signal line deriver circuit 913. The 
source signal line 912 is electrically coimected to the power source 916 via the switch 920. 
In this case, upon inputting a signal in the gate of the first transistor 901 connected to the 

10 gate signal line 911 in the x**^ row, the first transistor 901 is tumed on. At this moment, 
emsing signals are simultaneously input in the source signal lines in the first to last 
columns. The erasing signals input from the source signal line 912 are input in the gate 
electrode of the second transistor 902 via the first transistor 901 connected to the 
respective source signal lines. A supply of current flowing through the light emitting 

15 element 903 from the current supply line 917 is forcibly stopped by the signals input in 
the second transistor 902, This makes the light emitting element 903 emit no light 
forcibly. For example, when the second transistor 902 is a p-channel type, the light 
emitting element 903 emits no light by inputting a high level signal in the gate electrode 
of the second transistor 902. On the other hand, when the second transistor 902 is an 

20 n-channel type, the light emitting element 903 emits no light by inputting a low level 
signal in the gate electrode of the second transistor 902. 
[0057] 

Further, in the erasing period, a signal for erasing is input in the x* row (x is a 
natural number) by the above-mentioned operation. However, as mentioned above, the 

25 x* row sometimes remains in the erasing period while another row (e.g., a y* row (y is a 
natural number)) remains in the writing period. In this case, since a signal for erasing is 
necessary to be input in the x* row and a signal for writing is necessary to be input in the 
y* row by utilizing the source signal lines in the same columns, the after-mentioned 
operation is preferably carried out. 

30 [0058] 
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After the light emitting element 903 in the x^*^ row becomes a non-light emitting 
state by the above-described operation in the erasing period, the gate signal line and the 
erasing gate signal line driver circuit 914 are immediately discoimected to each other and 
the source signal line is coimected to the source signal line driver circuit 915 by turning 
5 the switch 920 on. The gate signal line and the writing gate signal line driver circuit 913 
are connected to each other while the source signal line and the source signal line driver 
circuit 915 are connected to each other. A signal is selectively input in the signal line in 
the y^ row from the writing g?ite signal line driver circuit 913 and the first transistor is 
turned on while signals for writing are input in the source signal lines in the first to last 
10 columns from the source signal line driver circuit 915. By inputting these signals, the 
light emitting element in the y^ row emits light or no light. 
[0059] 

After terminating the writing period in the y*** row as mentioned above, the 
erasing period immediately starts in the x + 1^ row. Hierefore, the gate signal line and the 

15 writing gate signal line driver circuit 913 are discoimected to each other and the source 
signal line is coimected to the power source 916 by turning the switch 918 on/off. Also, 
the gate signal line and the writing gate signal line driver circuit 913 are disconnected to 
each other and the gate signal line is connected to the erasing gate signal line driver circuit 
914, A signal is selectively input in the gate signal line in the x + 1*^ row from the erasing 

20 gate signal line driver circuit 914 to input the signal in the first transistor while an erasing 
signal is input therein from the power source 916. Upon terminating the erasing period in 
the X + l"^ row in this manner, the writing period immediately starts in the y* row. The 
erasing period and the writing period may be repeated altematively until the erasing 
period of the last row. 

25 [0060] 

Although the writing period of the y* row is provided between the erasing 
period of the x*^ row and the erasing period of the x + 1*** row in this embodiment mode, 
the present invention is not limited thereto. The writing period of the y* row may be 
provided between the erasing period in the x - I**' row and the erasing period in the x^^ 
30 row. 
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[0061] 

In this embodiment mode, when the non-light emitting period 504d is provided 
like the sub-fiame 504, the operation of disconnecting the erasing gate signal line driver 
circuit 914 from one gate signal line and connecting the writing gate signal line driver 
5 circuit 913 to another gate signal line is carried out repeatedly. This operation may be 
performed in a frame in which a non-light emitting period is not particularly provided, 
[0062] 

[Embodiment Mode 4] 

An example of a cross sectional view of a light emitting device including a light 
10 emitting element of the invention will be described with reference to FIGS. 7A to 7C. 
[0063] 

In each of FIGS. 7A to 7C, a region surrounded by a dashed line represents a 
transistor 11 that is provided for driving a light emitting element 12 of the invention. The 
light emitting element 12 of the invention comprises a layer 15 between a first electrode 

15 13 and a second electrode 14. A drain of the transistor 11 and the first electrode 13 are 
electrically connected to each other by a wiring 17 passing through a first interlayer 
insulating film 16 (16a, 16b and 16c). The light emitting element 12 is isolated from 
another light emitting elements provided adjacent to the light emitting element 12 by a 
partition wall layer 18. The light emitting device of the invention having this structure is 

20 provided over a substrate 10 in this embodiment mode. 
[0064] 

The transistor 11 as shown in each FIGS. 7A to 7C is a top-gate type transistor in 
which a gate electrode is provided on a side of a semiconductor layer opposite to the 
substrate. Further, the structure of the transistor 11 is not particularly limited. For 

25 example, a bottom-gate type transistor may be employed. In the case of using a 
bottom-gate type transistor, either a transistor in which a protection film is formed on a 
semiconductor layer of a channel (a channel protection type transistor) or a transistor in 
which a part of a semiconductor layer of a chaimel is etched (a channel etched type 
transistor) may be used. 

30 [0065] 
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The semiconductor layer included in the transistor 11 may be any of a crystalline 
semiconductor, an amorphous semiconductor, a semiamorphous semiconductor, and the 
like. 
[0066] 

5 Concretely, a semiamorphous semiconductor has an intermediate structure 

between an amorphous structure and a crystalline structure (including a single crystalline 
structure and a polycrystalline structure), and a third condition that is stable in term of 
free energy. The semiamorphous semiconductor further includes a crystalline region 
having a short range order along with lattice distortion. A crystal grain with a size of 0,5 

10 to 20 mn is included in at least a part of an semiamorphous semiconductor film. Raman 
spectmm is shifted toward lower wavenumbers than 520 cm'^. The diffraction peaks of 
(111) and (220), which are believed to be derived from silicon crystal lattice, are observed 
in the semiamorphous semiconductor by the X-ray diffraction. The semiamorphous 
. semiconductor contains hydrogen or halogen of at leeist 1 atom% or more for terminating 

15 dangling bonds. The semiamorphous semiconductor is also referred to as a 
miorocrystalline semiconductor. The semiamorphous semiconductor is formed by glow 
discharge decomposition with silicide gas (plasma CVD). As for the silicide gas, SiH4, 
Si2H6, SiH2Cl2, SiHCla, SiCU, SiF4 and the like can be used. The silicide gas may also be 
diluted with H2, or a mixture of H2 and one or more of rare gas elements selected from He, 

20 Ar, Kr and Ne. The dilution ratio is set to be in the range of 1:2 to 1:1,000. The pressure 
is set to be approximately in the range of 0.1 to 133 Pa. The power frequency is set to be 
1 to 120 MHz, preferably, 13 to 60 MHz. The substrate heating temperature may be set to 
be 300°C or less, more preferably, 100 to 250*'C. With respect to impurity elements 
contained in the film, each concentration of impurities for atmospheric constituents such 

25 as oxygen, nitrogen and carbon is preferably set to be 1 x 10^^ /cm^ or less. In particular, 
the oxygen concentration is set to be 5 x 10^^ /cm^ or less, preferably, 1 x 10^^ /cm^ or less. 
Further, the mobility of a TFT (thin film transistor) using an amorphous semiconductor is 
set to be about 1 to 10 m^A^sec. 
[0067] 

30 As a specific example of a crystalline semiconductor layer, a semiconductor 
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layer made from single crystal silicon, polycrystalline silicon, silicon germanium, or the 
like can be cited. These materials may be formed by laser crystallization. For example, 
these materials may be formed by crystallization with use of the solid phase growth 
method using nickel and the like. 
5 [0068] 

When a semiconductor layer is made from an amorphous substance, e,g., 
amorphous silicon, it is preferable to use a light emitting device with circuits including 
only n-channel transistors as the transistor 11 and another transistor (a transistor included 
in a circuit for driving a light emitting element). Alternatively, a light emitting device 
10 with circuits including either n-channel transistors or p-channel transistors may be 
employed. Also, a light emitting device with circuits including both an n-channel 
transistor and a p-channel transistor may be used- 
[0069] 

The first interlayer insulating film 16 may include plural layers (e.g., first 
15 interlayer insulating films 16a, 16b and 16c) as shown in FIGS. 7A and 7C or a single 
layer. The. interlayer insulating film 16a is made firom an inorganic material sudi as 
silicon oxide and silicon nitride. The interlayer insulating film 16b is made from acrylic, 
siloxane (which is a substance that has a skeleton structure formed by silicon (Si)-oxygen 
(O) bonds and includes at least hydrogen as its substituent), or a substance with a 
20 self-planarizing property that can be formed by applying a liquid such as silicon oxide. 
The interlayer insulating film 16c is made from a silicon nitride film containing argon 
(At). The substances constituting the respective layers are not particularly limited thereto. 
Therefore, substances other than the above-mentioned substances may be employed. 
Alternatively, the above-mentioned substances may be used in combination with the 
25 substance other than the above-mentioned substances. Accordingly, the first interlayer 
insulating film 16 may be formed by using both an inorganic material and an organic 
material or by using any one of inorganic and organic materials. 
[0070] 

The edge portion of the partition wall layer 18 preferably has a shape in which 
30 the radius of curvature is continuously varied. This partition wall layer 18 is formed by 
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using acrylic, siloxane, resist, silicon oxide, and the like. Further, the partition wall layer 
18 may be made from any one of or both an inorganic film and an organic film, 
[0071] 

FIGS. 7A and 7C show the structures in which only the first interlayer insulating 
5 films 16 are sandwiched between the transistors 11 and the light emitting elements 12. 
Alternatively, as shown in FIGL 7B, the first interlayer insulating film 16 (16a and 16b) 
and a second interlayer insulting film 19 (19a and 19b) may be provided between the 
transistor 11 and the light emitting element 12. In the light emitting device as shown in 
FIG 7B, the first electrode 13 passes through the second interlayer insulating film 19 to 
10 be electrically connected to the wiring 17. 
[0072] 

The second interlayer insulating film 19 may include either plural layers or a 
single layer as well as the first interlayer insulating film 16, The interlayer insulating film 
19a is made from acrylic, siloxane (which is a substance that has a skeleton structure 

15 formed by silicon (Si)-oxygen (O) bonds and includes at least hydrogen as its substituent), 
or a substance with a self-planarizing property that can be formed by applying a liquid 
such as silicon oxide. The interlayer insulating film 19b is made from a silicon m'tride 
film containing argon (Ar). The substances constituting the respective second interlayer 
insulating layers are not particularly limited thereto. Therefore, substances other than the 

20 above-mentioned substances may be employed. Altematively, the above-mentioned 
substances may be used in combination with a substance other than the above-mentioned 
substances. Accordingly, the second interlayer insulating film 19 may be formed by 
using both an inorganic material and an organic material or by using any one of inorganic 
and organic materials. 

25 [0073] 

When the first electrode and the second electrode are both formed by using a 
substance with a light transmitting property in the light emitting element 12, light 
generated in the light emitting element can be emitted through both the first electrode 13 
and the second electrode 14 as shown in arrows in FIG 7A. When only the second 
30 electrode 14 is made from a substance with a light transmitting property, light generated 
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in the light emitting element 12 can be emitted only through the second electrode 14 as 
shown in an arrow of FIG 7B. In this case, the first electrode 13 is preferably made from 
a material with high reflectance or a film (reflection film) made from a material with high 
reflectance is preferably provided under the first electrode 13, When only the first 
5 electrode 13 is made from a substance with a light transmitting property, light generated 
in the light emitting element 12 can be emitted only through the first electrode 13 as 
shown in an arrow of FIG 7Q In this case, the second electrode 14 is preferably made 
fi:om a material with high reflectance or a reflection film is preferably provided over the 
second electrode 14. 
10 [0074] 

Moreover, the light emitting element 12 may has a stmcture in which the first 
electrode 13 servers as an anode and the second electrode 14 servers as a cathode or a 
stmcture in which the first electrode 13 serves as a cathode and the second electrode 14 
serves as an anode. In the former case, the transistor 11 is a p-channel transistor. In the 
15 latter case, the transistor 11 is an n-channel transistor 
[0075] 

[Embodiment Mode 5] 

Since a light emitting device according to the present invention has an excellent 
moisture resistant property, an electronic appliance capable of displaying images 
20 preferably for a long time or an electronic appliance cs^able of lighting preferably for a 
long time can be obtained by using the light emitting device of the invention. 
[0076] 

Examples of electronic appliances mounted with the light emitting devices of the 
invention are illustrated in FIGS, 8Ato 8C. 
25 [0077] 

FIG 8A is a laptop personal computer manufactured according to the invention, 
including a main body 5521, a housing 5522, a display portion 5523, a keyboard 5524 and 
the like. The laptop personal computer can be achieved by incorporating the light 
emitting device including the light emitting element of the invention thereinto. 
30 [0078] 
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FIG 8B is a cellular phone manufactured according to the invention, including a 
main body 5552, a display portion 5551, an audio output portion 5554, an audio input 
portion 5555, operation switches 5556 and 5557, an antenna 5553 and the like. The 
cellular phone can be achieved by incorporating the light emitting device including the 
5 light emitting element of the invention thereinto. 
[0079] 

FIG 8C is a television set manufactured according to the invention, including a 
display portion 5531, a housing 5532, speakers 5533 and the like. The television set can 
be achieved by incorporating the light emitting device including the light emitting 
10 element of the invention thereinto. 
[0080] 

As set forth above, the light emitting devices of the invention are suitable to be 
used as the display portions of various kinds of electronic appliances. 
[0081] 

15 Further, the light emitting devices having the light emitting elements of the 

invention are mounted on the laptop personal computer, the cellular phone and the 
television set. However, the light emitting devices having the light emitting elements of 
the invention can be mounted on a personal computer, a car navigation system, a lighting 
appliance and the like. 

20 

[Embodiment 1] 
[0082] 

An embodiment of the invention will be described with reference to FIG 9. 

[0083] 

25 Indium tin oxide was formed to have a thickness of 110 nm over a glass substrate 

301 by sputtering so as to form a layer 301 containing indium tin oxide. 
[0084] 

A layer 302 containing a-NPD and molybdenum oxide with a thickness of 50 
nm was fomied over the layer 301 containing indium tin oxide by co-evaporation of 
30 a-NPD and molybdenum oxide such that the weight ratio of a-NPD to molybdenum 
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oxide satisfied 1 : 0.25. Further, the co-evaporation indicates an evaporation method in 
which evaporation is simultaneously performed from a plurality of evaporation sources. 
[0085] 

Next, a-NPD was formed over the layer 302 containing a-NPD and 
5 molybdenum oxide by evaporation to form a layer 303 containing a-NPD with a 
thickness of 10 nm. 
[0086] 

Alayer 304 containing Alqa, rubrene and DCJTI with a thickness of 37.5 nm was 
formed over the layer 303 containing a-NPD by co-evaporation of Alq3, rubrene and 
10 DCJTI such that the Alqa-rubrene-DCJTI weight ratio satisfied 1:1: 0.02. 
[0087] 

Then, Alqs was formed on the layer 304 containing Alqs, rubrene and DCJTI by 
evaporation to form a layer 305 containing Alqa with a thickness of 27.5 nm. 
[0088] 

15 A layer 306 containing BCP and lithium with a thickness of 10 nm was formed 

over the layer 305 containing Alqaby co-evaporation of BCP and lithium (Li) such that 
the weight ratio of BCP to lithium satisfied 1 : 0.005. 
[0089] 

A layer 307 containing a-NPD and molybdenum oxide with a thickness of 50 
20 nm was formed over the layer 306 containing BCP and lithium by co-evaporation of 
a-NPD and molybdenum oxide such that the weight ratio of a-NPD to molybdenum 
oxide satisfied 1 : 0.25. 
[0090] 

Next, a-NPD was formed over the layer 307 containing a-NPD and 
25 molybdenum oxide by evaporation to form a layer 308 containing a-NPD with a 
thickness of 10 nm. 
[0091] 

A layer 309 containing Alqs and coumarin 6 with a thickness of 37.5 nm was 
formed over the layer 308 containing a-NPD by co-evaporation of Alq'' and coumarin 6 
30 such that the weight ratio of Alqs to coumarin 6 satisfied 1 : 0.005. 
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[0092] 

Next, Alqs was fonned over the layer 309 containing Alqs and coumarin 6 by 
evaporation to form a layer 310 containing Alqs with a thickness of 27.5 nm. 
[0093] 

5 A layer 311 containing BCP and lithium with a thickness of 10 nm was formed 

over the layer 310 containing Alqs by co-evaporation of BCP and lithium (Li) such that 
the weight ratio of BCP to lithium satisfied 1 : 0.005. 
[0094] 

A layer 312 containing a-NPD and molybdenum oxide with a thickness of 50 
10 nm was formed over the layer 311 containing BCP and lithium by co-evaporation of 
a-NPD and molybdenum oxide such that the weight ratio of a-NPD to molybdenum 
oxide satisfied 1 : 0.25. 
[0095] 

Subsequently, a-NPD was formed over the layer 312 containing a-NPD and 
15 molybdenum oxide by evaporation to form a layer 313 containing a-NPD with a 
thickness of 10 nm« 
{0096] 

Next, t-BuDNA was formed over the layer 313 containing a-NPD by 
evaporation to form a layer 314 containing t-BuDNA with a thickness of 37.5 nm. 
20 [0097] 

Alq3 was next formed over the layer 314 containing t-BuDNAby evaporation to 
form a layer 315 containing Alqa with a thickness of 27.5 nm. 
[0098] 

A layer 316 containing BCP and lithiimi with a thickness of 10 nm was formed 
25 over the layer 315 containing Alqa by co-evaporation of BCP and lithium (Li) such that 
the weight ratio of BCP to lithium (li) satisfied 1 : 0.005. 
[0099] 

Subsequently, aluminum was formed over the layer 316 containing BCP and 
lithium by evaporation to form a layer 317 containing aluminum with a thickness of 200 
30 nm. 
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[0100] 

In the thus-manufactured light emitting element, the layer 301 containing 
indium tin oxide serves as an anode and the layer 317 containing aluminum serves as a 
cathode. 
5 [0101] 

The layer 302 containing a-NPD and molybdenum oxide has a property of 
injecting holes into the layer 303 containing a-NPD. Also, the layer 307 containing 
a-NPD and molybdenum oxide has a property of injecting holes into the layer 308 
containing a-NPD. The layer 312 containing a-NPD and molybdenum oxide has a 
10 property of injecting holes into the layer 313 containing a-NPD. 
[0102] 

The layer 303 containing a-NPD has a property of transporting the injected 
holes to the layer 304 containing Alqa, rubrene and DCJTL The layer 308 containing 
a-NPD has a property of transporting the injected holes to the layer 309 containing Alqa 
15 and coumarin 6. The layer 313 containing a-NPD serves as a hole transporting layer for 
transporting the injected holes to the layer 314 containing t-BuDNA. 
[0103] 

The layer 306 containing BCP and lithium has a property of injecting electrons 
in the layer 305 containing Alqs. Further, the layer 311 containing BCP and lithium has a 
20 property of injecting electrons to the layer 310 containing Alqa, The layer 316 containing 
BCP and lithium has a property of injecting electrons into the layer 315 containing Alqa. 
[0104] 

The layer 305 containing Alqa has a property of transporting the injected 
electrons to the layer 304 containing Alqs, rubrene and DCm. The layer 310 containing 
25 Alqa has a property of transporting electrons injected from the layer 311 containing BCP 
and lithium to the layer 309 containing Alqa and coumarin 6. The layer 315 containing 
Alqa serves as an electron transporting layer that transports electrons injected from the 
layer 316 containing BCP and lithium to the layer 314 containing t-BuDNA. 
[0105] 

30 In the layers 302, 307 and 312 containing a-NPD and molybdenum oxide. 
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molybdenum oxide serves as an electron acceptor. Further, in the layers 306, 311 and 316 

containing BCP and lithium, lithium serves as an electron donor. 

[0106] 

In this light emitting element, when applying a voltage to the layer 301 
5 containing indium tin oxide and the layer 317 containing aluminum, current flows 
through the layer 301 containing indium tin oxide and the layer 317 containing aluminum. 
Therefore, the layer 304 containing Alqs, rubrene and DCJTI emits light with a peak in a 
wavelength range of 600 to 680 nm. The layer 309 containing Alq^ and coumarin 6 emits 
light with a peak in a wavelength range of 500 to 550 nm. The layer 314 containing 

10 t-BuDNA emits light with a peak in a wavelength range of 420 to 480 nm. light 
generated in these layers is emitted to the outside through the layer 301 containing indium 
tin oxide. As can be seen from the above description, in the light emitting element of this 
embodiment, the layer exhibiting light with a shorter wavelength of 420 to 480 nm is 
provided to be closer to a layer with high reflectance such as the layer 315 containing 

15 alimiinum than the layer exhibiting light with a longer wavelength of 600 to 680 nm. 
Consequently, interference of light generated in the layers and light reflected by the layer 
317 containing aluminum can be reduced. 
[0107] 

The emission spectrums in the case where the light emitting element 
20 manufactured in this embodiment emits light will be shown in FIG 10. In FIG 10, a 
horizontal axis indicates a wavelength (nm) and a longitudinal axis indicates a emission 
intensity (an arbitrary unit). According to FIG 10, it is known that the light emitting 
element manufactured in this embodiment emits light at a wavelength of 450 to 620 nm. 
The CIE chromaticity coordinate at 0.979 mA are x = 0.33, y = 0.46. Therefore, it is 
25 known that the light emitting element manufactured in this embodiment emits white light. 
[0108] 

Since the light emitting element of this embodiment is manufactured by using a 
substance with a low moisture absorbing property such as molybdenum oxide, the light 
emitting element is hardly deteriorated by moisture intmding into the light emitting 
30 element. In addition, the light emitting element of this embodiment can emit white light. 
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Moreover, interference of light emitted from the light emitting element and reflected light 
is hardly caused in the light emitting element of this embodiment, and hence, color tone 
of light emitted form the light emitting element can be controlled easily* 
[Embodiment 2] 
5 [0109] 

The present embodiment will show experimental results obtained by examining 
whether or not molybdenum oxide serves as a substance with an electron accepting 
property with respect to a-NPD, 
[0110] 

10 In this experiment, three kinds of thin films, i.e., a thin film A having the same 

stmcture as the layer 302 contaiuing a-NPD and molybdenum oxide, a thin film B 
containing molybdenum oxide and a thin film C containing a-NPD were formed on glass 
substrates respectively by vacuum evaporation. The transmission spectrums of 
respective thin films were compared. 

15 [0111] 

The experimental results are shown in FIG 11. A horizontal axis represents the 
wavelength while a perpendicular axis represents the transmittance. With respect to the 
thin film A having the same structure as the layer 302 (described in Embodiment 1) 
containing a-NPD and molybdenum oxide, a broad peak, which cannot be observed in 

20 the thin film B containing molybdenum oxide and the thin film C containing a-NPD, can 
be observed in the vicinity of 500 nm (a region surrounded by a dashed line in the 
dmwing) as shown in FIG 11. It is thought that this is an energy level that is newly 
generated due to electron transfer caused by transferring electrons to molybdenum oxide 
from a-NPD. As a consequence, it is known that molybdenum oxide exhibits an electron 

25 accepting property with respect to a-NPD. 

The present application is based on Japanese Priority Application No, 2004- 
152491 filed on May 21, 2004 with the Japan Patent Office, the entire contents of which 
are hereby incorporated by reference. 
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